An overall research interest in Aphidiine parasitoids of aphids has increased all over the world. Aphid pest problems and ecological aspects of their control undoubtedly contributed positively to this state. Searches for potentially useful biological control agents in the pest origin center frequently have demonstrated relatively poor knowledge in many areas and the same has been determined in subsequent research efforts targeting parasitoid release and establishment. These studies have also demonstrated a need for broader ecological studies of the local fauna, ecological associations and inter-relationships, and also management problems. Aphidiine parasitoids were also found to be rather useful subjects for several fundamental studies. These studies may be essential for the applied research or stimulated by problems found in it.
1996) in São Paulo state, who recovered only P. volucre, from the introduced species, and three new records were added to aphid parasitoid species in Brazil (Aphidius rosae Haliday, 1834, Aphidius salicis Haliday, 1834, and Ephedrus persicae Froggatt, 1904) .
After this period, very limited records focusing the postcolonization and the host range of aphid parasitoids on some cultivated plants were found in Brazil SousaSilva et al., 1998; Lara et al. 1999; Fernandes et al. 2000; Mendes et al., 2000; Pinto et al. 2000; Cividanes 2002; Mussury & Fernandes. 2002; Ronquim et al. 2004; Zanini et al. 2006) , and still fewer were found on ornamentals (Peronti 1999; Imenes et al. 2002; Carvalho et al. 2006) . Moreover, this information is scattered in the literature and a compilation of these data is necessary.
Cinara pinivora Wilson, 1919 and Cinara atlantica Wilson, 1919 were detected as pests on pine in Brazil in the end of 90's, but no parasitoids were found in the local fauna (Penteado et al. 2000) . The parasitoid species Xenostigmus bifasciatus (Ashmead, 1891) was introduced from USA to the states of Paraná, Santa Catarina and São Paulo, in 2002 and , and it has became established in Brazil, and dispersing 80 Km per year from the release point (Reis-Filho et al. 2004; Oliveira 2006) .
For these reasons, we have found useful to summarize the information about aphid-plant-parasitoid associations developing a useful research database for further studies. So, this study is focused in the associations of aphid parasitoids and their aphid and plant hosts in Brazil. For this, field collections of parasitized aphids were made in two southern states of Brazil (Paraná and Rio Grande do Sul) in 1980, during the wheat biological control program, and also in two southeastern states of the country (Minas Gerais and São Paulo) from 1999 to 2006, in an area where no releases of parasitoids were made during the biological programs of wheat and pine aphids. These field collections were made in cropping areas, greenhouses, avenues, parks and households, to obtain supplemental information of aphid-plant relationship for each parasitoid species. In order to complete the information on parasitoid-aphid-plant association in Brazil, literature data were revised, summarized, and doubtful records were explained based on the literature data, or derived from the experience of the authors. The general features of the parasitoid fauna of Central and South America were summarized and promising biological control programs of some aphid species in Brazil are discussed.
MATERIALS AND METHODS
Parasitoids were reared on identified host aphid-plant associations from field collections. Plant parts with aphid colonies were gently cut with scissors, placed in plastic containers covered with nylon mesh, and transferred to the laboratory. The emerging parasitoids were collected and preserved in ethanol 70%. The sample data were arranged with the objective of developing a tri-trophic database. In each numbered sample, the information about location, date, aphid, plant and habitat was recorded.
Most of the material was obtained from the collections made within the framework of FAO biocontrol programs in Brazil (wheat aphids, Paraná, Rio Grande do Sul), and the others originated from studies by the authors, especially in Minas Gerais and São Paulo states.
Review of parasitoid-aphid-plant associations. The material is arranged according to host aphid names, subdivided by the States of Brazil. For our data from field collections the individual localities are listed alphabetically, presenting the location name, collection date, aphid host plant, habitat, collection number and the collector's name in brackets. Collector's names were abbreviated as follows: (MS) -M.V. Sampaio, (PS) -P. Starý, (VB) -V.H.P. Bueno. Other names are presented in full. Only the reference, in chronological order, and the host plant species were listed for data from the literature. At last, the whole published information on the target parasitoids was revised as much as possible based on up-dated knowledge. Incomplete information in literature resulting in doubtful parasitoid-aphid relationships are followed by a question mark (?). The opinions of the authors and comments about probable misidentifications are indicated by asterisk (*) after the species name. Aphid nomenclature followed Remaudiere & Remaudiere (1997) Only the States from where collections were made are listed. Parasitoids were released as part of wheat and pine aphids biocontrol programs in the States marked with dagger ( † ) and a sun ( º ) sign, respectively. In the paragraph "Laboratory" results of laboratory observations on aphid-parasitoid relationships, which were not associated with faunal field data, are included. Viereck, 1912 Aphis coreopsidis (Thomas, 1878) SP: Tavares (1991) Aphidius matricariae Haliday, 1834* *Doubtful identification -The record of this target species is doubtful due to a general prevalence of A. colemani as a parasitoid species on A. gossypii in the area, and to uncertain identification at that time.
Aphidius colemani
Aphis gossypii Glover, 1877 Brazil: Mendes (1959) Aphidius ohioensis Smith, 1944* 
Aphidius rosae Haliday, 1834
Macrosiphum rosae (Linné, 1758) SP: Tavares (1991) , Rosa sp.
Aphidius salicis Haliday, 1834
Cavariella aegopodii (Scopoli, 1763) SP: Tavares (1991 ), Foeniculum vulgare. -Tavares (1996 . (Starý, 1987 Macrosiphum euphorbiae (Thomas, 1878) MG: Pinto et al. (2000) , Solanum tuberosum ? SP: Lara et al. (1999) Rhopalosiphum maidis (Fitch, 1856) PR: Alves et al. (2005) , Triticum aestivum ?. -Zanini et al. (2006) , Triticum aestivum ? SP: Ronquim et al. (2004) , Avena sativa ?
Binodoxys tucumanus
Rhopalosiphum padi (Linné, 1758) PR: Alves et al. (2005) , Triticum aestivum ?. -Zanini et al. (2006) , Triticum aestivum ? São Borja, 16-IX-1980, Triticum aestivum, field, 80/25 (PS) . SP: Ronquim et al. (2004) , Avena sativa ?
RS:
Sitobion avenae (Fabricius, 1775) PR: Alves et al. (2005) , Triticum aestivum ?. -Zanini et al. (2006) , Triticum aestivum ?
Schizaphis graminum (Rondani, 1852) MS: Gomez & Rumiatto (1989a) . SP: Gravena (1979) , Sorghum bicolor. -Ronquim et al. (2004) , Avena sativa ?
Cereal aphids Introduced laboratory stock EPL 79-65.
Laboratory , Brevicoryne brassicae. -Pereira & Lomônaco (2003) , Brevicoryne brassicae.
Ephedrus persicae Froggatt, 1904
Aphis fabae solanella Theobald, 1914 SP: Tavares (1991) , Solanum americanum.
Brachycaudus helichrysi (Kaltenbach, 1843) SP: Tavares (1991) , Erechtites valerianaefolia ?
Myzus ornatus Laing, 1932 SP: Tavares (1991) , Erechtites valerianaefolia ?
Myzus persicae (Sulzer, 1776) SP: Tavares (1991) , Erechtites valerianaefolia ?
Without host records SP: Tavares (1996) . (Mackauer & Starý 1967; Starý 1972; Aguilar 1980; De Huiza & Ortu 1980; Starý 1981; Botto & Hernández 1982; Starý & Vogel 1985; Monguí et al. 1986; Starý 1987; Starý & Delfino 1987; Valdiviesco Jara 1987; Starý & Cermeli 1989; Gärdenfors 1990; Botto et al. 1991; Starý 1993; Starý et al. 1993; Starý 1994; Vergara Ruiz & Galeano 1994; Yokomi et al. 1994; Guevara & Zuluaga 1995; Starý 1995; Ravelo & Triana 1997; Berta et al. 1998) as well as from original information by the authors. However, all the classification is rather preliminary due to the limited information from extensive areas of the Continent.
Ephedrus plagiator (Nees
Apparently, Central America manifests relatively rich and mixed fauna partially penetrating from the southern parts of North America, apart from native elements and penetrations from South America. Similar features can also be observed in the Antilles, although species composition is less numerous (Cuba).
In South America, the Andean mountain range apparently has many specific fauna. Indications of such peculiar parasitoid fauna in the northern parts of South America are obvious. One of the peculiar complexes represents the Nothofagusassociated fauna, which is also distributed in the lowlands in the north-south direction in the continent. The other distinct complex (under observation) is the parasitoid guild on Uroleucon aphids. Another peculiar fauna was indicated to occur in the subantarctics.
However, most of the aphidiine fauna of the continent is characterized by a typical complex consisting of several species (A. colemani, D. rapae and L. testaceipes) which is distributed widely both in the Atlantic and the Pacific coastal areas, penetrating far into the interior to even high altitudes. These parasitoid species are associated with common aphid species on many different crops, weeds, vegetables and ornamental plants both in the field and urban agglomerations.
The latter complex has been enriched by several species which were introduced as biocontrol agents and became wellestablished and dispersed beyond the target areas into the lowlands and into high altitude (A. ervi, Aphidius smithi Sharma & Subba Rao, 1959 , A. rhopalosiphi, A. uzbekistanicus, Ephedrus plagiator (Nees, 1811 and P. volucre).
Also, research has determined further exotic species that were accidentally introduced and became naturalized faunal elements (Aphidius matricariae Haliday, 1834, A. salicis and Binodoxys brevicornis (Haliday, 1883) ).
The classification of the known Brazilian Aphidiine fauna demonstrated features corresponding to the Atlantic coastal areas and inland-distribution, enriched by the exotic species introduced accidentally and/or purposely. The faunal composition of the individual parasitoid-aphid associations is affected naturally and deeply by the climate zoning with the increasing numbers of species from the southern of the tropical belt.
Research outlines. The Aphidiine parasitoids were collected in as many environments as their host species could be found, in field crops, in greenhouses, and in non-crop plants. A. smithi was recorded for the first time in Brazil. Prior to the wheat aphid biocontrol program, the known parasitoid species in Brazil (A. colemani, D. rapae, and L. testaceipes) were reported as associated with many aphid pests such as Aphis gossypii Glover, 1877, Brachycaudus schwartzi (Börner, 1931) , Brevicoryne brassicae (Linné, 1758), Myzus persicae (Sulzer, 1776), Rhopalosiphum maidis (Fitch, 1856), R. padi (Linné, 1758) , and S. graminum (Brèthes 1913 (Brèthes , 1918 Moreira 1919; Costa Lima 1936; Mendes 1959; Araújo e Silva et al. 1968; Bartoszeck 1975 Bartoszeck , 1976a Bartoszeck , 1976b Pimenta & Smith 1976; Gallo et al. 1978; Gravena 1979; De Santis 1980) . However, a literature review demonstrates how inequal information has been obtained from the different states of Brazil.
Non-target aphid species as alternative hosts of introduced parasitoid biocontrol agents were considered to be only secondary within the program network centered the individual target pests of wheat and pine. Even today, the actual distribution of introduced parasitoid species has remained unknown in many areas of Brazil. At least three biocontrol agents used in wheat biocontrol program (A. ervi, A. uzbekistanicus, and P. volucre) and one in pine aphid biological control program (X. bifasciatus) were found in Minas Gerais state, at least 300 Km and 1000 Km away from the release sites, respectively. Other parasitoid species (A. rhopalosiphi, Ephedrus plagiator (Nees, 1811) and Praon gallicum Starý, 1971) introduced for the biological program of wheat aphids, were found in original release sites and their establishment needs to be confirmed in Brazil.
The prevailing ability of many parasitoid species to develop on several host species was observed to contribute to their establishment, and it also represents an important resource for biological control programs in the future. Several promising targets are presented:
Preliminary studies on biological control of A. gossypii and M. persicae were done in Brazil (Sampaio et al. 2001a (Sampaio et al. , 2001b Rodrigues & Bueno 2001; Rodrigues et al. 2001; Bueno et al. 2003a; Carnevale et al. 2003; Sampaio et al. 2003b Sampaio et al. , 2004 Sampaio et al. , 2005 . Good results have been obtained on controlling A. gossypii on commercial chrysanthemums under greenhouse conditions Rodrigues et al. 2005) .
Introduced parasitoid species specialized in Macrosiphini aphids (i.e. A. ervi and P. volucre) might be used on biological control of some aphid species, such as Acyrthosiphon kondoi Shinji, 1938 , Acyrthosiphon pisum (Harris, 1776 , Aulacorthum solani (Kaltenbach, 1843), and Macrosiphum euphorbiae (Thomas, 1878) .
Research on Therioaphis trifolii (Monell, 1882) , an exotic alfalfa pest showed a lack of parasitoids in Brazil (Sousa-Silva et al. 1998; Mendes et al. 2000) . However, successful biocontrol has been achieved in some other parts of the world. These programs might also be applied in Brazil. Also, Uroleucon ambrosiae (Thomas, 1878) has become a serious lettuce pest (Auad et al. 2002) . According to our observations, the pest status of this aphid has increased with the increase of hydroponics system in lettuce crops grown in greenhouses in Brazil. The authors have collected large colonies of this pest aphid on hydroponics lettuce without parasitoids. There are some indications of the presence of some native parasitoid species in Brazil, which should be preferred over the possibility of exotic introductions.
In general, pest aphids are usually the key position due to economical reasons. However, broader environmental studies on, inter alia, ecological aspects of pest control programs need to be done, focusing the necessary and useful interaction between the so-called fundamental and applied research.
